to 90% for cells in culture.
In preliminary experiments by fluorescent-antibody (FA) enumeration, we observed that populations ofRhizobiumjaponicum Increased substantially in field soils during nodule senescence at the end of the soybean growing season and were led to a reexamination of the question of bacteroid viability. We now report that, contrary to the prevailing view, a large majority of bacteroids are viable.
Most experiments involved soybean (cultivar Chippewa) and strains USDA 31, 123, and 138 of the soybean symbiont R. japonicum. Latelog (6-day) shaken cultures grown in yeast extract-mannitol medium (4) were used either for plant inoculation or as the control in viability experiments. One experiment involved the bean cultivar Seafarer and R. phaseoli isolated from a Minnesota soil. Plants were grown in pots containing a local field plot soil partially sterilized by flowing steam for 1.5 h and inoculated with 2 x 108 cells/g just before planting the surface-sterilized seeds. In some cases plants were grown in the absence of fixed nitrogen in sand in modified Leonard jar assemblies (7) rather than in soil. Plants were grown in a plant growth chamber (Conviron, Controlled Environments, Pembria, N.D.) with a 16-h daylight cycle and day and night temperatures of 25 and 16°C, respectively.
Thirty nodules of uniform size were picked from five plants at each sampling time and then surface sterilized (7), washed 10 times with sterile water, and ground in 10 ml of sterile phosphate buffer (50 mM; pH 7.0) or in 10 ml of half-strength rhizobia growth medium with a manual glass tissue grinder and Teflon pestle. Coarse particles were removed by centrifugation at 500 x g for 10 min. The supernatant fraction constituted a "crude bacteroid" preparation. Portions of the crude bacteroid preparations were centrifuged at 3,000 x g for 20 min, and the pelleted cells were suspended in 10 ml of buffer or medium to comprise a "washed cell" preparation.
Bacteroids and controls were enumerated by direct microscopic count of cells in 20 squares of 0.0025 mm2 each in a Petroff-Hausser (P-H) counting chamber and by membrane filter-FA procedures (11) by using a Zeiss Universal microscope equipped both for epifluorescence and phase-contrast. Cells stained by strain-specific FA were determined on six to nine filters at 3 or more dilutions for each preparation, counting 10 to 60 fields per filter. In addition to enumeration, the FA was used (i) to confirm that the strain of bacteroid in the nodule preparation was identical to the strain of rhizobia used as plant inoculum, (ii) to insure that all cells in a bacteroid preparation were positive to the appropriate FA, and (iii) to confirm that the plate colonies originating from bacteroid seeding were R. japonicum of the appropriate strain.
Viable counts were made from serially diluted samples, surface plated on the yeast extractmannitol medium solidified with 1.5% Noble agar (Difco).
Triplicate plates for each of three dilutions were inoculated. Plates were incubated at 28°C until colonies could be seen clearly-about 7 days for culture control and 9 to 14 days for bacteroids. (3) is not easily explained. Bergersen used soybeans and a similar approach, except that FA enubneration was not available, but did not give a detailed account of the experiments. Negative results derived from the experiments of Almon (1) are easier to explain since single cells of many bacterial species are difficult to grow under conditions of micromanipulation and microslide growth chamber conditions. The finding that bacteroids are viable is consistent with the results of several recent investigations in which no major differences were found in buoyant density, base sequence, and molecular weight between deoxyribonucleic acid isolated from bacteroids and from free-living cells (9, 10, 12) . This work was supported by National Science Foundation grants DEB76-19518 and BMS75-14020.
